Six monomeric complexes of Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) with one O N donor bidentate azodye ligand, 3 -(p-tolylazo) -4 -hydroxyl -5 -methoxybenzaldehyde (LH) (TAHMB) have been prepared. The complexes have been characterised by analytical, conductance, magnetic susceptibility, IR, electronic spectra, ESR, NMR, X-ray diffraction (Powder pattern) spectra and molecular modelling studies. The Co (II) and Ni (II) complexes are found to be octahedral, Cu(II) complex is distorted octahedral and a tetrahedral stereochemistry has been assigned to Zn(II), Cd(II) and Hg(II) complexes. The energy optimised structures Figs. 3-5 are proposed using the semi empirical ZINDO/1 quantum mechanical calculations. The Ni(II) complex is found to possess an orthorhombic crystal system. The potential antibacterial studies of the ligand and some metal complexes with gram positive and gram negative bacteria have given encouraging results. ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Synthetic vanillin is used as a flavouring agent in chocolate, icecream, confection, baked goods, beverages and pharmaceu-ticals (Nicholas et al., 2003) . It also contribute to the flavour and aroma of coffee (Semmelroch et al., 1995; Imre et al., 1992) , maple syrup (Kermasha et al., 1995) and whole grain products including corn tortillas (Buttery et al., 1995) and oatmeal (Guth and Grosch, 1995) . Keeping in view the chemotherapeutic value of vanillin a number of schiff base ligands and their complexes have been reported and their antibacterial activity has been studied (Maurya and Patel, 1999) . Azodyes are found to be effective chemotherapeutic agents (Goodman and Gilman, 1970) to be widely used for the cure of bacterial infection. In continuation of our earlier work (Mahapatra and Patel, 2009; Mahapatra and Sarangi, 2011) , in the present paper, we have reported the synthesis of one O N donor bidentate azodye containing vanillin and its six metal complexes and have studied the antibacterial properties with gram positive and gram negative bacteria besides their structural elucidation by various physical, chemical, spectral and molecular modelling techniques. (See Fig. 1 ).
Experimental

Materials
The chemicals p-toluidine and 4-hydroxy-5-methoxybenzaldehyde were of E. Merck grade. The chlorides of Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) were of S.R.L. grade. All other reagents and solvents were purchased from commercial sources and were of analytical grade.
Synthesis of the azodye ligand
The bidentate azodye was prepared by the coupling reaction of the diazonium chloride obtained from p-toluidine (0.01 mol, 2.0 g.) with an alkaline solution of 4-hydroxy-5-methoxybenzaldehyde (Vanillin) respectively at 0-5°C.
Synthesis of metal complexes
The metal chlorides in ethanol were mixed separately with ethanolic solution of the ligand in 1:2 M ratio and the resulting solutions were heated to 60-70°C for about one hour on a heating mantle. The solution was then cooled down to room temperature and the pH was raised to $7 by adding conc. ammonia drop by drop with stirring. The solid complexes thus separated were then washed with ethanol followed by ether and dried in vacuum (Fig. 2) .
Physical measurements
The elemental analysis (C, H, N) were carried out on elemental analyser Perkin-Elmer 2400 while metals were determined by EDTA after decomposing the complexes with conc. HNO 3 . Conductance measurements of the complexes were made using Toshniwal CL 01-06 Conductivity Bridge. The magnetic susceptibility was made at RT by Gouy method using Hg [Co(CN) 4 ] as calibrant. IR Spectra (KBr pellet) were recorded using IFS 66U spectrophotometer, electronic spectra of the Co II , Ni II and Cu II complexes in DMF were recorded on a Hilger-Watt uvispeck spectrophotometer, ESR spectra of Cu II complex was recorded on a E 4 -spectrometer and NMR spectra on a Jeol GSX 400 with d6-DMSO as solvent and TMS as internal standard. X-ray diffraction (powder pattern) of the Ni II complex was recorded on a Phillips PW 1130/00 diffractometer.
Molecular modelling
In addition to the experimental works, the computational work like Molecular modelling of the ligand and complexes has been carried out using molecular mechanics and Hartree-Fock (HF) Quantum methods to ascertain some of the physical parameters of the new compounds. All semi empirical calculations were made using UFF of Gaussain 98 Programme Package of Argus Lab 4.0.1 with 10 À10 kcl/mol convergence RHF (closed shell) (Thompson and Zerner, 1991; Rappe' et al., 1993; Rappe and Goddard, 1991; Casewit et al., 1992) . 
Antibacterial activity
The antibacterial activity of the azodye ligand and Co II , Ni II , Cu II and Zn II complexes was studied as per the cup-plate method (Brandt Rose and Miller, 1939) using three strains of bacteria like Staphylococcus aureus, Proteus vulgaris and Escherichia coli. The solutions of the test compounds are prepared in dimethylsulphoxide (DMSO) at 500 lg/mL. The bacterial strains are inoculated into 100 mL of the sterile nutrient broth and incubated at 37 ± 1°C for 24 h. The density of the bacterial suspension is standardised by McFarland method. A well of uniform diameter (6 mm) is made on agar plates, after inoc-ulating them separately with the test organisms aseptically. The standard drug and the test compounds are introduced with the help of micropipette and the plates are placed in the refrigerator at 8-10°C for proper diffusion of drug into the media. After two hours of cold incubation, the petriplates are transferred to incubator and maintained at 37 ± 2°C for 18-24 h. Then the petriplates are observed for zone of inhibition by using vernier scale. The results are reported by comparing the zone of inhibition shown by the test compounds with standard drug Tetracycline. The results are the mean value of zone of inhibition of three sets measured in millimetre.
Results and discussion
The metal complexes were prepared according to the following reaction scheme:
The elemental analysis data agree well with the following composition of the metal complexes reported (Table 1) 
where M = Co II, Ni II , Cu II ; M 0 =Zn II , Cd II , Hg II ; LH = 3 -(p-tolylazo) -4 -hydroxyl -5 -methoxy benzaldehyde , C 15 H 14 N 2 O 3 (Calcd. (%) C, 66.66; H, 5.22; N, 10.36; Found (%) C, 58.3; H, 3.3; N, 10.3). All the complexes are amorphous in nature and have high melting points. The complexes are insoluble in common organic solvents like methanol, ethanol and benzene but soluble in dimethylformamide and dimethylsulphoxide. The complexes are non-electrolytic in nature as evident from the low conductance values (3.8-5.5 X À1 cm 2 mol À1 ) in DMF. Synthesis, characterisation, XRD, molecular modelling and potential antibacterial studies
IR spectra
The IR spectrum of the azodye ligand (Table 2) , shows a broad band at 3434 cm À1 which may be assigned to a stretching vibration of the phenolic hydroxyl group (Mishra and Keshari, 1981) . The broadness of this band may be attributed to O-H. . .N intramolecular hydrogen bonding. The bands at 1501 cm À1 in the ligand may be assigned to phenolic C-O vibration and in the metal complexes this band is observed at $1483 cm À1 indicating bonding of the phenolic oxygen atoms to the metal atoms. The sharp band for the ligand appears at 1595 cm À1 can be attributed to m (-N ‚ N-) vibration and in the metal complexes this band appears at $1546 cm À1 , which indicates the coordination of one of the azo nitrogen atoms to the metal ions (King and Bisnette, 1966) . In the Co II , Ni II and Cu II complexes broad bands appear at $2920-3549 cm À1 followed by a sharp peaks at $820 cm À1 and at $725 cm À1 assignable to -OH stretching, rocking and wagging vibrations respectively indicating the presence of co-ordinated water molecules in the complexes (Nakamoto, 1978) . The bonding of the ligand to the metal ions is confirmed by the appearance of bands at $515 cm À1 m (M-O) and $489 cm À1 m (M-N) (Ferraro, 1971) .
Electronic spectra and magnetic measurements
In the electronic spectrum of Co II complex, four ligand field bands are observed at 8100, 16325, 20275 and 32210 cm À1 . The first three bands can be attributed to 4 T 1g ðFÞ ! 4 T 2g ðFÞðm 1 Þ ! 4 A 2g ðFÞðm 2 Þand 4 T 1g ðPÞðm 3 Þ transitions respectively and the fourth band is assigned to a CT band. The ligand field parameters like D q = 822.5 cm À1 , B = 821.3 cm À1 , b 35 = 0.845 cm À1 , m 2 / m 1 = 2.015 and r = 18.34 % suggest an octahedral stereochemistry for the Co II complexes (Lever, 1968; Magee & Gordan, 1963) . In the electronic spectrum of Ni II complex, four ligand field bands are observed at 10200, 17620, 25150 and 32575 cm À1 assignable to 3 A 2g ðFÞ ! 3 T 2g ðFÞðm 1 Þ ! 3 T 1g ðFÞðm 2 Þ ! 3 T 1g ðPÞðm 3 Þ and CT transition respectively in an octahedral geometry. The ligand field parameters like D q = 1020 cm À1 , B = 808 cm À1 , b 35 = 0.766 cm À1 , m 2 / m 1 = 1.727 and r = 28.86% also confirm an octahedral symmetry for the complex. The electronic spectrum of the copper (II) complex exhibits one broad band at 13300-14470 cm À1 with maxima at 13550 cm À1 assignable to 2 Eg ! 2 T 2g transition in support of an distorted-octahedral configuration of the copper (II) complex. (Yamada, 1966; Proctor et al., 1968) . The observed magnetic moment values of the Co II, Ni II and Cu II complexes are found to be 5.1, 3.1 and 1.8 B.M. respectively indicating octahedral configuration around the metal ions (Cotton and Wilkinson, 1988) . The analytical and physical data of the azodye and the complexes are given in (Table 1) .
1 H-NMR studies
The 1 H NMR spectrum of the ligand was recorded in DMSO. The complex multiplet observed at d 7.381-7.987 ppm corresponds to six phenyl protons. The sharp peak observed at d 3.346 ppm corresponds to three methyl (-CH 3 ) protons (Cotton and Wilkinson, 1988) . The sharp peak appeared at d 3.950 corresponds to three methoxy (-OCH 3 ) protons. The sharp peak observed at d 9.912 ppm corresponds to one aldehydic (-CHO) proton (Graph 1).
ESR studies
The E.S.R. spectrum of the Cu II Complex No.4 [CuL 2 (H 2 O) 2 ] has been recorded at X-band at RT. The 'g av ' value of the com-plex is found to be 2.078169 by applying Kneubuhl's method (Kneubuhl, 1960) . This type of spectrum may be due to dynamic or pseudo rotational type of Jahn-Teller distortion (Graph 2). The spin-orbit coupling constant (k) can be determined from the equation g av = 2(1-2k/10D q ). The value of k for the complex is found to be À264.767 cm À1 . The lowering of the k value of the complex from the free ion value (À830 cm À1 ) indicates the overlapping of metal-ligand orbitals.
Powder XRD studies
The XRD study (powder pattern) of the complex No.3 [NiL 2 (-H 2 O) 2 ] was made with the help of X-ray diffractometer with Cu as anode material, K -alpha [Å ] = 1.54060 and the generator settings 30 mA, 40 kV. The lattice parameters were calculated with the help of a computer programme from LSUCRPC (Visser, 1969) . Powder diffraction data 2h values are shown in (Graph 3). The lattice parameters like a, b, c, a, b, c and V (volume) are shown in (Table 4) The value of 'n' is found to be 2.0 which agrees well with the suggested structure of the complex. The crystal system of the complex was found to be orthorhombic (Puri et al., 1993) . The Scherrer equation in X-ray diffraction and crystallography is Graph 1 1 H NMR spectra of LH.
Synthesis, characterisation, XRD, molecular modelling and potential antibacterial studies a formula which relates the size of the crystallites in a solid to the broadening of a peak in a diffraction pattern. The Debye-Scherrer equation is B = kk/sAEcosh; where s = Crystallite size, k = wavelength of X-ray radiation (Cu Ka = 1.54060 Å ), k = constant taken as 0.94, h = diffraction angle (21.3°), B = Full width at half maximum height (0.946 Å ). The crystallite size of the complex No.3 [NiL 2 (H 2 O) 2 ] is found to be (1.607 Å ). (Patterson, 1939) . The metal complexes were built and optimisation of their geometries was done at mm/H-F/6-31 g level of theory Figs 3-5. Findings of these computed works are in good agreement with the experimental results. The selected bond lengths, bond angles of the ligand, bond angles of the complexes and their bond energies are given in Tables 3a-3f respectively. In the Co(II) and Ni(II) complexes, the metal ion may be bonded to either N(9) and N(46) or N(10) and N(45) nitrogen atoms of the azo group. When the metal ions coordinate with N (9) and N(46) of the azo group, they form a five membered ring. But when metal ions coordinate with N(10) and N(45) of the azo group, they form a six membered ring. In case of Co(II) and Ni(II) complexes, the total energies are found to be 106.177 kcal/mol and 109.170 kcal/mol respectively, when they form a five membered ring. The total energies of both the complexes have increased to 151.485 kcal/mol and 121.113 kcal/ mol respectively, when they formed a six membered ring. From this energy difference it is concluded that both the metal atoms form a five membered ring with one of the azo nitrogen atoms.
Antibacterial activity
The ligand and metal complexes have been screened for antibacterial activities and results have been shown in (Table 5 ). The antibacterial activity of the compounds No.1-5 is examined against three strains of bacteria, one gram positive S. aureus, and two gram negative P. vulgaris and E. coli. The effectiveness of the compounds is classified into three categories, Sensitive, Intermediate and Resistant. If a compound is sensitive to a bacteria then it can be applied to cure the disease caused by the bacteria, while it fails to do so if it is resistant to the bacteria. Accordingly the effectiveness of the compound can be predicated by knowing the zone of inhibition value in mm. The results (Graph 4) show that the ligand was found to posses more antibacterial activity than the complexes against different bacteria. The Zn II , Cd II and Hg II complexes have tetrahedral geometry based upon analytical, conductance and IR spectral data.
Conclusion
The azodye behaves as an O N donor bidentate ligand and forms octahedral complexes with Co II and Ni II complexes, distorted-octahedral complex with Cu II complex and tetrahedral complexes with Zn II , Cd II and Hg II complexes. The Ni II complex is found to possess an orthorhombic crystal system. All calculations based on molecular mechanics on the optimised geometries of the ligand and the complexes agree with the experimental results obtained from electronic spectral analysis and XRD study. The ligand as well as Co II , Ni II , Cu II and Zn II complexes are found to possess a strong antibacterial activity against both gram positive and gram negative bacteria and hence may be used as chemotherapeutics drugs for the cure of infectious diseases.
